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ABSTRACT — In order to clarify the reproductive characteristics of triploid males, changes in serum 
steroid hormone levels and testicular development in precociously mature triploid males of masu 
salmon, Oncorhynchus masou, were examined during sexual maturation. Testicular development in 
triploids differs from that in diploids. The gonadosomatic index (GSI) in triploids in August was high 
(3.9%), similar to that in diploids (3.0%). Although germ cells at all stages of spermatogenesis were 
observed in the testes of diploids, the testes of triploids consisted of many cysts of primary 
spermatocytes and some degenerating germ cells. In the spawning season in October, GSI in triploids 
dropped suddenly (1.0%), though GSI in diploids increased (4.8%). At that time, a large number of 
degenerating figures of spermatogenic germ cells were found in the testes of triploids. Very few sperm 
were seen in the sperm fluid. However, most of the sperm cells revealed abnormalities in morphology, 
such as two tails, two heads, and heads of various sizes. Changes in serum testosterone (T), 
11-ketotestosterone (11-KT) and 17o',20y3-dihydroxy-4-pregnen-3-one (17o',20/3-diOH) in triploid males 
were similar to those in mature diploid males. T and 11-KT levels were high in August and October, 
then they dropped in November after the spawning season. 17a,20y9-DiOH levels in both triploid and 
diploid males were only high in October during the spawning season. From these results, it seems likely 
that the cause of abnormality of spermatogenesis in triploid males is mechanical difficulty involved in 
chromosome separation at meiosis I due to triploidy per se, rather than the reduced levels of testicular 
steroid hormones. 


INTRODUCTION 

Recently it has become possible to manipulate 
chromosome sets by means of physical or chemical 
treatment of eggs at an early developmental stage 
[7, 12]. This technique of chromosome set man- 
ipulation is expected to be applicable to practical 
fish culture in a variety of ways, such as sex 
determination or improvement of breed [7] . Tri- 
ploid fish can be induced by retaining the second 
polar body of eggs just after fertilization. Triploid 
fish are thought to become sterile as a consequence 
of having an odd number of chromosome sets. 
This sterile triploidy may bring about benefits to 
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practical fish culture for the reason that sterile fish 
avoid the muscle deterioration and death which 
accompany sexual maturation [10]. 

Induction of triploidy has been attempted in 
several fishes so far. However, characteristics of 
sexually mature triploids depend on sex and spe- 
cies. In a previous paper, we reported the gonadal 
development and changes of steroid hormones in 
triploid female rainbow trout, Oncorhynchus 
my kiss [6]. In the present study, we deal with testi- 
cular development and changes in steroid hor- 
mones in the triploid male masu salmon, Onco- 
rhynchus masou. 

MATERIALS AND METHODS 
Land-locked masu salmon (Yamame) used in 
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the present study were obtained from the Niigata 
Prefecture Inland Water Fisheries Experimental 
Station. They have been cultivated systematically 
in ponds. Mature eggs and sperm were obtained 
from randomely selected 2-year-old females and 
males. To induce triploidy, just after artificial 
insemination, eggs were immersed in warm water 
at 27-31‘’C for 10-15 min. After this temperature 
shock, eggs were removed and put into water at 
about 12“C. Fry were fed on the regular diet for 
salmon culture from the first feeding. 

Precociously mature triploid males (10 to 13 
month-old) were autopsied 3 times, August 30, 
October 22, and November 25, 1986. For each 
sample, body weight, body size, and testicular 
weight were measured. To confirm triploidy, a 
blood smear from each individual was prepared. 
After staining with 1% Giemsa solution, long 
diameters of erythrocytes were measured. Testes 
of triploids were fixed in Karnovsky’s solution for 2 
hr. Next, they were postfixed in 1% OSO4 buf- 
fered to pH 7.4 with 0.1 M cacodylate buffer for 2 
hr. After dehydration, they were embedded in 
epoxy resin. For histological observations, one 
micrometer sections were stained with 1% 
toluidine blue in 0.1 M phosphate buffer. 

For the investigation of sperm, sperm fluid was 
collected in the October spawning season. Smears 
of sperm fluids were prepared and stained with 
Delafield’s hematoxilin. 


For the measurement of steroid hormone levels 
in serum, blood from each fish was collected by 
cutting the caudal region. The serum was sepa- 
rated by centrifugation, frozen at — 20°C, and 
stored until use. Serum levels of testosterone (T), 
11-ketotestosterone (11-KT) and 17a,20^- 
dihydroxy-4-pregnen-3-one (17a,20^-diOH) were 
measured by radioimmunoassay [3, 8, 13, 14]. 

Precociously mature diploid males were sac- 
rificed in the same manner and at the same time, 
and they served as the control. 

Data were analyzed using Student’s t-test 
(erythrocyte diameter) and two-way analysis of 
variance (ANOVA, GSI and body weight), 
accepted at P<0.05. 

RESULTS 

Diameter of erythrocytes 

Erythrocytes of diploid and triploid males are 
pictured in Figs. lA and IB, respectively. Dia- 
meter of erythrocytes of triploids is 19.22 + 0.81 
fim. This value is significantly larger (P<0.01) 
than that of diploids (14.62+0.95 fim). Triploids 
were distinguished from diploids by the size differ- 
ence in erythrocytes. 

Growth and external view offish 

Body weight and total length of triploid and 
diploid males is shown in Table 1. Diploid and 
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Table 1. Comparison of body weight (B.W.) and 
total length (T.L.) of triploid and diploid males in 
each sampling time 




Aug. 30 

Oct. 22 

Nov. 25 

Triploid 

B.W. (g) 

36.7±3.1 

48.1±2.3 

51.3±3.0 


T.L. (cm) 

14.5±0.2 

16.7±0.4 

17.6±0.3 

Diproid 

B.W. (g) 

32.7±2.5 

51.3±3.7 

55.4±5.0 


T.L. (cm) 

14.7±0.3 

17.4±0.3 

18.0±0.5 


Each value is the mean + SE. 


triploid males grew similarly and showed no differ- 
ences in body weight and total length at any 
sampling time. 

Triploid individuals were not different from 
diploids in external view (Fig. 2). Male secondary 
sex characters such as dark color on the skin of 
body and each fin appeared normally in triploids in 
the October spawning season, similar to diploid 
males. About 70% of triploid males matured 
precociously one year after fertilization. This 
value was almost the same as that of diploid males. 

Changes in gonadosomatic indices (GSI= (gonad 
weight ! body weight) X 100) 

Changes in GSI in diploid and triploid males are 
shown in Figure 3. Changes in GSI in triploids 


differ from those in diploids. GSI in triploids was 
high, 3.9 ±0.6%, in August, as was GSI in diploids 
(3.0 ±0.9%). In October, GSI in diploids in- 
creased further to 4.8 ±0.8%. In contrast, GSI in 
triploids dropped markedly to 1.0 ±0.7%, even in 
the spawning season (F<0.01). GSI in diploids 
dropped rapidly (1.5 ±0.2%) in November after 
the spawning season. GSI in triploids dropped 
even more (0.2±0.01%) (F<0.01). 



Fig. 3. Changes in the gonadosomatic index (mean± 
SE) of diploid (---•---) and triploid ( — ■ — ) masu 
salmon. *Significantly different from diploid (P< 
0 . 01 ). 




Fig. 2. The secondary sex character of dark skin appears in both diploid (D) and triploid (T) male masu salmon. 
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4. Photomicrographs of testes from diploid and triploid male masu salmon. Diploid testes in August (A), 
October (C) and November (F). Triploid testes in August (B), October (D and E) and November (G). X590. 
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Testes 

Cysts of spermatogenic germ cells at various 
stages were contained in the testes of diploids in 
August (Fig. 4A). A small amount of matured 
sperm had already been seen in the central region 
of the lumen. Active spermatogenesis was also 
seen in the testes of triploids (Fig. 4B). However, 
spermatogenic germ cells consisted mainly of pri- 
mary spermatocytes (Fig. 4B). Secondary sper- 
matocytes, spermatids, and sperm were not 
observed in triploids, although some clusters of 
degenerating spermatocytes were observed in the 
lumen (Fig. 4B). The testes of triploids in the 
spawning season in October were noticeably dif- 
ferent in size and color from those of diploids (Fig. 
5). Testes of diploids were white in color and were 
packed with matured sperm (Fig. 5). In contrast, 
those of triploids were semitranslucent. Sperm 
fluid filled the efferent ducts. The testes of 
triploids (Figs. 4D and 4E) were also extremely 
different in histology from those of diploids (Fig. 
4C). The amount of spermatogenic germ cells was 
markedly less in triploids (Figs. 4D and 4E) than in 
diploids (Fig. 4C). Moreover, these germ cells 
revealed necrosis. Some necrotic cells were 
ingested by hypertrophied Sertoli cells lining the 


inner wall of the lumen (Fig. 4D). Although some 
sperm were recognized in sperm fluid in triploids 
(Fig. 6B), they were fewer in number and notice- 
ably different in morphology from those of dip- 
loids (Fig. 6A). Sperm of triploids were morpho- 
logically abnormal, such as having two heads, two 
tails, or various sizes of heads. Large amounts of 
sperm still remained in the testes of diploids in 
November (Fig. 4F). In the testes of triploids, the 
inner wall of the lobules contained only some 
spermatogonia (Fig. 4G). 

Changes in serum steroid hormone levels 

Changes in T, 11-KT, and 17a,20;5-diOH levels 
in triploids and diploids are shown in Figure 7A- 
7C. High levels of serum T (diploid, 8.0ng/ml; 
triploid, 7.4ng/ml) and 11-KT (diploid, 5.7 ng/ 
ml; triploid 5.0ng/ml) were observed when the 
two groups of males were compared in August. 
Levels of these steroids rose further in October 
(diploid, T 37.0ng/ml and 11-KT 48.1 ng/ml; tri- 
ploid, T 30.8 ng/ml and 11-KT 33.3 ng/ml). T and 
11-KT levels rapidly decreased in November after 
the breeding season in both diploid (T 0.4 ng/ml 
and 11-KT, not detectable) and triploid (T 0.5 ng/ 
ml and 11-KT 0.4 ng/ml). Serum 17a,20/?-diOH 
was not detectable in either diploids or triploids in 



Fig. 5. Testes from diploid (D) and triploid (T) male masu salmon in October. 
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Fig. 6. Photomicrograph of sperm from diploid (A) and triploid (B) masu salmon. Small head (small arrow) and, 
two heads and two tails sperm (large arrow) are seen. X 1040. 


August. A sharp increase of this steroid occurred 
in October in diploids (8.7 ng/ml) and triploids 
(15.9 ng/ml). 17a,20/?-DiOH dropped in Novem- 
ber (diploid 0.7 ng/ml and triploid 0.2 ng/ml). 


DISCUSSION 

Morphological characteristics of testicular de- 
velopment in triploid males have been reported in 
several fishes so far. In most cases, abnormalities 
of spermatogenesis were observed. Despite well- 
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Fig. 7. Changes in serum testosterone (A), 11- 

ketotestosterone (B) and 17a,20/?-dihydroxy-4- 
pregnen-3-one (C) of diploid and triploid 

( — ■ — ) male masu salmon. 

developed testes, matured spermatozoa were not 
produced in channel catfish (Ictalurus punctatus) 
[17], nor in Atlantic salmon {Salmo salar) [2] or in 


loach {Misgurnus anguillicaudatus) [11]. A few 
sperm were formed in the testes of some species 
such as Biwa gudgeon (Gnathopogon caerulescens) 
[16], rainbow trout (Oncorhynchus my kiss) [4], 
and Pacific salmonids [1]. The cause of the inabil- 
ity to produce sperm normally in triploids is 
thought to be the disruption of meiosis due to the 
odd number of chromosome sets [12]. 

In the present study, it is clearly shown that the 
process of testicular development in triploid males 
is remarkably different from that of diploids. De- 
spite the spawning season, GSI in triploids was 
markedly low. Sperm in triploids was less in 
amount and contained cells with morphological 
abnormalities, such as two heads, two tails, or 
different sized heads. In addition, secondary sper- 
matocytes and spermatids were not found, though 
a large number of primary spermatocytes were 
formed. These facts indicate that the transforma- 
tion from primary spermatocytes to secondary 
spermatocytes was suspended. Thus, it seems 
likely that the large amount of degenerating germ 
cells that appeared in the testes of triploids in 
October originated from the primary spermato- 
cytes which failed to be transformed into second- 
ary spermatocytes. 

A few papers have dealt with the relationship 
between testicular development and steroid hor- 
mones in triploid fishes [1, 4, 5]. In triploid males, 
blood steroid hormone levels have been found to 
be high, just as is the case for mature diploid 
males. In the triploid males of masu salmon, 
changes of serum T, 11-KT and 17a,20/?-diOH 
showed no significant differences in comparison 
with those of mature diploid males. From these 
results, it is concluded that the production of 
steroid in triploid males occurs similarly to those in 
diploid males, even though the development of 
germ cells is hindered during the process of sper- 
matogenesis. Thus, it is presumed that abnormali- 
ties of testicular development in triploids are re- 
lated to mechanical difficulties involved in chromo- 
some separation at meiosis I due to triploidy per 
se, rather than the reduced level of steroid hor- 
mones. 

On the other hand, production of steroid hor- 
mones and ovarian development in triploid 
females differs among species. Blood steroid hor- 
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mone levels in female rainbow trout [4, 6] and 
female masu salmon (Nakamura et al., unpub- 
lished data) were extremely low, even in the 
spawning season. The ovaries of these female 
triploids were composed of numerous cysts con- 
taining many small oocytes and degenerating 
oocytes. In contrast, triploid female of tilapia [9] 
revealed high levels of steroid hormones and had 
well-developed yolky oocytes in their ovaries. 
Thus, it is still not known why the reproductive 
characteristics in triploid fish are different between 
males and females and among species. 

Serum 17a,20/?-diOH levels in triploid males 
increased only in the spawning season. Changes in 
this steroid are similar to those of diploid males in 
salmonids [9, 18], but there are no reports on the 
production of 17a,20/?-diOH in triploid males of 
other species. This steroid is thought to be in- 
volved in spermiation [13]. 20j5-Hydroxy steroid 
dehydrogenase (20/?-HSD), which is the enzyme 
essential for the conversion from 17fif-hydroxy 
progesterone to 17a,20^-diOH, was found to be 
localized on sperm [14]. Thus, it is interesting to 
note that 17a,20/?-diOH production in triploids 
was as high as it was in diploids, though the 
amount of sperm in the testes of triploids was 
reduced. The testes of triploid males may provide 
a suitable material for the study of 17a,20^-diOH 
production. 
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